Modulation of glucagon effects by changes in extracellular pH and calcium.
We have examined the influence of extracellular pH and calcium concentration on the action of glucagon on isolated rat hepatocytes, perfused liver or plasma membrane preparations. Incubation of rat hepatocytes with 10 nM glucagon at pH 7.4 caused an immediate increase in cAMP concentrations (8-fold), and this rise was almost 50% lower at acidic extracellular pH (6.9). This effect of pH could not be explained by an alteration of the hormone binding to its receptor for glucagon concentrations higher than 1 nM. The effect of acidosis on cAMP production was still present with non-hormonal effectors, such as 10 microM Gpp[NH]p, 30 microM forskolin or 10 mM NaF. This suggests a direct action of acidosis on the regulatory component Ns and/or on the catalytic subunit of adenylate cyclase. Acidic pH also depressed mitochondrial processes responsive to glucagon (NAD(P)H fluorescence, glutamine breakdown). Whatever the experimental model, calcium appeared to be required for maximal stimulation of cAMP production by glucagon. On perfused rat liver, glycogenolysis was depressed in the absence of extracellular calcium in the perfusate. In isolated hepatocytes, the stimulation of phosphorylase alpha activity by glucagon was modulated by extracellular calcium concentrations lower than 0.2 mM. This suggests that, although glucagon action is chiefly cAMP-mediated, its effect on calcium mobilization (affecting various cellular process, including cAMP production itself) should also be taken into account. This work also confirmed the importance of calcium in the stimulation of mitochondrial metabolism of glutamine by glucagon.